Grape pomace, which is derived from the skin and seeds, is the residue from the production of grape juice and wine. It corresponds to up to 20% of the total volume and it contains a high level of dietary fibers and bioactive compounds. In the Brazilian market, there is no product containing grape pomace as a replacement for conventional wheat flour. Thus, this study aimed to assess the effects of whole-wheat flour and organic Bordeaux grape pomace (Vitis labrusca L.) on the sensory, physicochemical and functional properties of cookies using response surface methodology (RSM). The regression models indicated that the addition of whole-wheat and organic grape pomace decreased (p < 0.0001) the water activity and significantly increased the content of fibers, hardness, brittleness, antioxidant activity and total phenolic content of the cookies. The RSM models presented suitable R 2 and R 2 adj values (> 65% of explained data variability), except for brittleness. The sensory evaluation results revealed that no significant differences (p > 0.05) were observed for the cookie samples, implying that the addition of grape pomace and whole-wheat flour did not negatively affect the preference of cookies.
Introduction
With increased production and consumption of foods, alternatives are needed to implement cleaner production, with the aim of preserving the environment and reducing costs. The industrial processing of grapes generates a high quantity of a by-product called pomace, which includes skin, seeds and rachis, and which corresponds to about 20% of the grapes used in processing. In Brazil, grapes are produced in all regions, totaling an area of 81,000 hectares. The largest amount of production of wine, grape juice and derivatives is in the state of Rio Grande do Sul, where nearly 330 million liters are produced every year (Piovesana et al., 2013; Brasil, 2015) . The solid residues generated in this process are usually transformed into animal feed and fertilizers and they are often discarded incorrectly on the land. Taking this into consideration, grape pomace can be used as a food ingredient because it has a high content of fiber and antioxidant compounds, which not only add value to the final product but also be one more source of income for grape juice and wine industries (Sant' Anna et al., 2014) .
Cookies are well accepted and eaten by people of all ages, and the addition of functional ingredients can add nutritional value to the product, as well as generating more purchase appeal (Santos et al., 2014) . Cookies are snacks, which can be easily enriched with grape pomace, an underutilized coproduct from the wine-making industry that is rich in bioactive compounds (Iora et al., 2015) . Bakery products have a high concentration of carbohydrates and recent studies have indicated that the partial replacement of refined wheat flour by whole flours or flours made with fruits, such as barley flour and wheat bran, papaya pulp flour, apple fiber, lemon, grape and wheat flour is a valuable strategy to increase the fibers ingestion (Sharma & Gujral, 2014) .
Polyphenols and their sources have been widely studied due to their effects on human health and they are considered to be a great potential ingredient for the composition of food formulations or supplements. Phenolic compounds have significant potential antimicrobial, anti-inflammatory, and antioxidant properties in humans (Lewis et al., 2013) . Although some researchers still use the 'one-factor -at-a-time' approach to develop new products, the use of experimental design in the development of fortified foods has increased because it facilitates the investigation of the interaction between the effects of variables through mathematical models and response surface methodology. This statistical technique has been used to study the effects of orange pomace in the production of gluten-free bread (O'Shea et al., 2015) , in the acceptance of a prebiotic beverage made with cashew nut and passion fruit juice (Rebouças et al., 2014) , in the development of cookies enriched with added guava peel (Bertagnolli et al., 2014) , and in the optimization of probiotic yogurts (Cruz et al., 2010) .
Based on the need to provide a better utilization of grape pomace from wine and grape juice companies, allied to the need Effects of whole-wheat flour and bordeaux grape pomace (Vitis labrusca L.) on the sensory, physicochemical and functional properties of cookies to replace conventional (white) wheat flour in food products by adding whole-wheat flour, this study aimed to assess the effects of whole-wheat flour and organic Bordeaux grape pomace (Vitis labrusca L.) on the sensory, physicochemical, physical and functional properties of cookies using response surface methodology.
Materials and methods

Chemicals
Gallic acid and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were acquired from Sigma Aldrich (St. Louis, USA); ethyl and methyl alcohols (UV/HPLC grade) as well the ascorbic acid (99% purity) were obtained from Vetec (Rio de Janeiro, Brazil). All solvents and other chemicals used in the physicochemical analyses were of analytical grade and the solutions were prepared using ultrapure water (Millipore, SP, Brazil).
Raw materials and characterization of grape pomace flour
The raw material used for the development of the cookies was acquired in local markets (Ponta Grossa, PR, Brazil). The dried organic Bordeaux grape pomace, which is composed of skin and partially defatted seeds, was donated by the Uva'Só company (Bento Gonçalves, RS, Brazil), which is certified for organic production of grape-based products. The grape pomace was ground and sieved (28 Tyler mesh) and chemically characterized by quantifying the dietary fiber content according to Association of Official Analytical Chemists (2005) . To quantify the total phenolic content (Singleton et al., 1999) and free-radical scavenging activity toward DPPH radical , Bordeaux grape pomace (10 g) was extracted following the procedures described by Deng et al. (2011) .
Experimental design and formulation of cookies
The cookies were made from a base formulation containing flour (46.5 g/100 g), organic brown sugar (25 g/100 g), water (12.4 g/100 g), vegetable oil (10 g/100 g), organic purple grape juice (5 g/100 g -Uva'Só Company), baking powder (0.8 g/100 g) and sodium chloride (0.3 g/100 g). One part of the added flour was substituted by 50% in the mixture of whole-wheat flour (WWF) and grape pomace flour (GP), according to a 2 2 factorial design with three central points, totaling seven cookie formulations. The independent factors were the organic Bordeaux grape pomace (20, 25, 30 g/100 g) and whole-wheat flour (30, 40, 50 g/100 g). These levels were established after an initial experiment which contained equal proportions of whole-wheat flour and grape pomace flour to adjust the formulation. According to the experimental design, assay 1 contained 30% WWF + 20% GP, assay 2 (50% WWF + 20% GP), assay 3 (30% WWF + 30% GP), assay 4 (50% WWF + 30% GP), and assays 5, 6, and 7 were the center point (40% WWF + 25% GP). For the development of cookies, the flours were mixed in the proportions as planned and then this mixture was added to the other ingredients, which were homogenized by hand until a homogeneous mass was obtained. Subsequently, the cookies were formed and patterned to 3 cm diameter and 0.5 cm thickness, arranged in baking sheets, and baked in an oven at 200 °C for 10 minutes.
Physicochemical composition and instrumental texture profile
The moisture, ash, protein, lipids and crude fiber contents were determined according to the Association of Official Analytical Chemists (2005) official procedures (methods 925-09, 923-03, 920-87, 920-85 and 978-19, respectively) . The instrumental color parameters of the cookies were determined using a colorimeter (model MiniScan EZ 4500L, HunterLab, USA) and results were reported as L* (lightness), a* (red-green), and b* (yellow-blue). The expansion rate (Ec) of the cookies after baking was calculated by Ec = [(v 2 -v 1 )/v 1 ] * 100, where v 1 is the volume of the raw dough and v 2 is the volume of the baked dough (final cookie) (Bolanho et al., 2014) .The water activity was determined using an AquaLab device (Model Series 3TE, Pullman-WA, USA). The texture profile (hardness and brittleness) was determined using a texturometer (model TA-XT2 Plus Stable Micro Systems  ), with Wedge Fracture (A/WEG) probe, and the parameters used in the tests were: test speed 2.0 mm/s, distance 12 mm, and 20 g of sensitivity of the device.
Sensory analysis
Sensory evaluation was performed in a Sensory Analysis Laboratory and the research protocol was approved by the Ethics Committee under number 673.493. Forty-five individuals, who regularly consumed cookies (at least once a week) were selected to participate. There were 32 females and 13 males, aged between 18 and 45, who analyzed each cookie monadically, in which the cookies (3 cm diameter) were served individually. To evaluate the five samples (only one cookie at the center point was assessed), a preference ranking test was applied, in which the assessors were presented with all the samples and asked to rank them from the "most preferred" to the "less preferred". Using the Friedman test, significant differences between samples were investigated using Friedman's Equation 1:
Where Ev is the evaluator, t is the number of treatments (samples) and Si is the sum of the orders for each treatment (International Organization for Standardization, 2006) . The F-value needs to be compared to a critical value, i.e. if the F-value is higher than the critical value there is significant difference in preference between the samples.
An acceptability test was also applied, with the same evaluators as the ranking test aiming at comparing the degree of liking of appearance, flavor and texture, as well as the overall acceptance of the cookies that presented the lowest sum of order (higher preference) in the preference-ranking test. An hedonic nine-point structured scale was used (1-I dislike extremely; 5 -I neither like nor dislike; 9 -I like extremely) (Paixão et al., 2014) . The purchase intent was also assessed using a five-point scale (1-I certainly would not buy it; 3-I might buy it/I might not buy it; 5-I certainly would buy it) (International Organization for Standardization, 2014). For those assessments, the cookies were served individually with no interval between samples. The acceptance index for each sample was calculated using the means of the scores utilized in the scale and the results were expressed in percentage.
Determination of total phenolic content and antioxidant activity
The extracts of the cookies were prepared using the experimental procedures described by Pasqualone et al. (2014) with minor modifications. The total phenolic content in the cookie extracts was estimated using the Prussian-Blue assay (Margraf et al., 2015) . The results were expressed as mg gallic acid equivalents/100 g of cookie. The DPPH scavenging activity of the extracts was analyzed according to Granato et al. (2015) . The antioxidant capacity (% inhibition) was calculated as % of scavenging activity = [1-(A 517 sample/A 517 blank)] × 100.
Statistical analysis
Analyses were performed in triplicate and the results were expressed as means followed by the standard deviation. One-way analysis of variances (ANOVA) was used to assess the intrinsic differences between the cookie samples, and the mean values were compared using Fisher's LSD test, when at least one pair of samples was shown to be different (p Anova < 0.05) (Granato et al., 2014a) . In an attempt to assess the quantitative effects of the independent variables (organic grape pomace and whole-wheat flour) on the responses, multiple linear regression based on the response surface methodology was applied when a significant difference (p Anova < 0.05) was found for at least a pair of cookie samples (Granato et al., 2014b) . The statistical quality of the RSM models was assessed by means of the coefficient of determination (R 2 ) and adjusted (R 2 adj ) coefficient (Szydlowska-Czerniak et al., 2015) . All statistical analyses were carried out using Statistica v.7 (Statsoft, Tulsa, USA) and Action v. 2.5 (Statcamp, Brazil) software.
Results and discussion
Sensory properties, proximate composition, and texture profile of cookies
The Bordeaux organic pomace presented total fibers = 63.88 ± 1.05 g/100 g, in which 55.84 ± 0.63 g/100 g represents insoluble fibers and 8.04 ± 0.77 g/100 g represents soluble fibers, total phenolic content = 2.180 ± 35 mg gallic acid equivalents/100 g, and antioxidant activity toward DPPH radical = 1.574 ± 9 mg ascorbic acid equivalents/100 g. These data and bioactive compounds content are in-line with data on grape pomace produced in Brazil (Deng et al., 2011; Sousa et al., 2014) .
The results of the proximate composition of the cookies are shown in Table 1 . The moisture content showed significant differences (p < 0.001) between the samples and obtained a maximum of 10.36 g/100 g and a minimum of 3.64 g/100 g. In Brazil, the National Health Surveillance Agency (Brasil, 2005) stipulates that the maximum moisture content is up to 15 g/100 g. The ash and crude fiber content also showed significant differences (p < 0.001) between the cookie formulations, while the contents of proteins (p = 0.902) and lipids (p = 0.760) were not affected by differences in the whole-wheat flour and grape pomace. In a similar study, which used the partial replacement of white flour by alternative ingredients in the preparation of cookies, Bolanho et al. (2014) achieved mean values of 11.18 g/100 g for moisture, 17.15 g/100 g for protein, 4.43 g/100 g of lipids and 5.60 g/100 g of crude fibers, using S. platensis biomass. Similarly, Bertagnolli et al. (2014) obtained a variation in moisture content (2.7 to 42 g/100 g) for cookies that were prepared using guava peel instead of wheat flour; they also found mean levels of 3.8 g/100 g for ash, 4.7 g/100 g for protein, 4.40 g/100 g for lipids, and 3.43 g/100 g for crude fiber. Table 2 shows the physical properties of the different cookie formulations. No evident discrepancy was observed for instrumental lightness (p = 0.064) and expansion rate (p = 0.666). On the other hand, the coordinates a* (p = 0.046) and b* (p = 0.008) were different between the cookie samples. The water activity ranged (p < 0.001) from 0.430 to 0.650, and this property was highly influenced by the fibers in the grape pomace and whole-wheat flour because the fibers have the ability to bind the available water, which helps to reduce moisture loss during storage. The Formulation 3 (13.95 g/100 g grape pomace and 13.95 g/100 g whole-wheat flour) was harder, differing statistically from the other formulations. It consisted of a lower percentage of whole-wheat flour and a higher percentage of grape pomace. Thus, this sample had a lower amount of gluten, which provided lower levels of hardness to the product and higher fiber content. The total phenolic content and free-radical scavenging activity toward the DPPH radical of the cookie extracts are shown in Table 3 . The enrichment of the cookies with Bordeaux grape pomace promoted a significant increase (p = 0.005) in total phenolic compounds. The cookies formulated with the highest amount of grape pomace and whole-wheat flour had higher (p < 0.001) antioxidant activity. Similar results were found by Pasqualone et al. (2014) , where cookies made with grape marc extract inhibited 48% of the DPPH radical. This result clearly indicates that the phenolic compounds present in grape pomace and whole-wheat flour (partially) remained in the cookies after baking at a high temperature.
The sensory ranking test applied to five different cookies (the replicates in the center point were not assessed) originated a response for the F observed -value of 2.50. Comparing this value with the F crictical of 9.49, it is possible to imply that there was no difference (p > 0.05) in sensory preference between the samples at 95% confidence. As is widely known, the preference that is checked in sensory evaluation does not indicate the acceptance or liking of a certain food. Therefore, an hedonic test based on a nine-point structured scale was chosen to compare the two samples that had the lowest sum of orders (cookies with 20 g/100 g grape pomace and 30 g/100 g whole-wheat flour added, or 50 g/100 g added whole wheat flour), which showed a tendency of preference in relation to the other samples, although it was not statistically significant. The results shown in Table 4 were obtained from overall acceptance, degree of liking of appearance, texture and flavor, and purchase intent for the two formulations and no difference was obtained. Hedonic test (n = 45 consumers) comparing the cookies with added 20 g/100 g grape pomace + 30 g/100 g whole-wheat flour (Formulation 1) and 20 g/100 g grape pomace + 50 g/100 g whole-wheat flour (Formulation 2). a Values are based on the evaluation performed using a nine-point hedonic scale. b Values are based on the evaluation performed using a five-point hedonic scale. c Probability value obtained by the F-test of homogeneity of variances. d Probability value obtained by Student's t-test for independent samples. The two formulations garnered similar means (p > 0.05) for the degree of liking of appearance, texture and flavor, and the values were close to "I like it moderately" in the hedonic scale, which indicates the viability of adding whole-wheat flour and grape pomace in cookie formulation. The calculated acceptance index was 76% for Formulation 1 and 78.3% for Formulation 2, indicating that they were well accepted by the taste panel. Summing the categories that included on the positive side of the scale, i.e. the intention to buy the product (scores 4 and 5), these two formulations obtained 49% and 63% respectively. This result indicates that cookie formulations need to be optimized to stimulate consumption.
Response Surface Modelling (RSM)
For the responses that presented differences (p < 0.05) for at least a pair of cookie formulations, RSM was applied to assess the effects of organic Bordeaux grape pomace and whole-wheat flour on the quality traits of the cookies (Table 5 ). According to the results, the moisture content was influenced (p < 0.001) by both whole-wheat flour and grape pomace, and the linear interaction was also significant. The regression model was able to explain up to 72% of data variability. The ash content had a positive increase (p < 0.001) due to the linear effects of the grape pomace and whole-wheat flour, as well as their linear interaction, and the multiple regression model was able to explain 74.2% of the experimental data.
The regression models indicated that the addition of whole-wheat flour and organic grape pomace decreased (p < 0.0001) the water activity and significantly increased the content of fibers, hardness, antioxidant activity and total phenolic content. The RSM models presented a considerable R 2 and R 2 adj (> 65% of explained data variability), except for brittleness, which means that in future experiments, if the exact experimental conditions adopted in the current study are followed, the models can be used to have an idea of the predicted mean values for those responses. A statistically significant difference between the cookie formulations was recorded for antioxidant activity (p = 0.033). From the regression equation shown in Table 5 , only the linear effect of grape pomace and the interaction between whole-wheat flour and grape pomace significantly increased the antioxidant activity of the cookies. Indeed, both ingredients contain bioactive substances, such as tocopherols and phenolic compounds that present recognized antioxidant activity in relation to reactive oxygen/nitrogen species (Aksoylu et al., 2015) . The content of phenolic compounds in the cookies was relatively low and this can be explained because phenolic compounds, especially phenolic acids and anthocyanins, as well as some lipophilic antioxidants, are degraded when temperatures are higher than 80 °C (Sólyom et al., 2014) . Figure 1 contains the response surface plot for some of the response variables assessed in the current work and facilitates the visualization of the effects of whole-wheat flour and organic grape pomace on the quality traits of cookies.
The results obtained shows that Bordeaux grape pomace can be extensively used in the industrial field. Sensory, nutritional and physicochemical characteristics in different types of products are improved, these characteristics enhance the value of the final product, being an alternative ingredient for the production of healthier foods. Besides this, the Bordeaux grape pomace showed a considerable antioxidant activity, transferring these characteristics to the cookies.
Conclusion
This study showed that the development of cookies with added grape pomace is feasible and the product contain a high-fiber content, with a significant antioxidant activity. The RSM modeling was effective in quantifying the effects of whole-wheat flour and grape pomace on several quality attributes of cookies and may be used as a tool to optimize the cookie formulation. Contour plots representing the total moisture content (a) g/100 g; ash (b) g/100 g; redness (c) and yellowness (d); water activity (e); dietary fibers (f) g/100 g; hardness (g) g; antioxidant capacity (h) % inhibition; and total phenolic content (i) mg GAE/100 g.
